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(54) METHOD FOR DIRECTLY FORMING ELECTROPLATING LAYER ON NON-CONDUCTIVE MATERIAL 
SURFACE 

(57)Abstract: 

PURPOSE: To easily electroplate a non-conductive material with Cu by forming an Mn oxide layer on the 
material surface and dipping the material in a specified org. monomer soln. to form a conductive polymer coating 
film. 

CONSTITUTION: The surface of a non-conductive material is dipped in a soln. of an alkaline permanganate and 
cleaned, and an Mn oxide layer is formed on the surface. The material is then dipped in an org. monomer soln. 
kept at pH <4 and contg. 1-9g/l of aniline or its derivative, at least one kind among borofluoric acid, perchloric 
acid, sulfuric acid, aromatic sulfonic acid or further at least one kind of the fine powder of the conductive 
material such as C, Pd-Sn colloid, copper sulfide, nickel sulfide and ITO. An org. monomer is converted into a 
polymer film by the oxidation reaction of the org. monomer with manganese oxide to make the non-conductive 
material conductive. Consequently, the non-conductive material surface is easily electroplated with Cu without 
using troublesome chemical plating. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A plating method of non-conducting material processing non-conducting material at the following 
process : (One) non-conducting material is processed with an alkaline permanganate solution, non-conducting 
material from a process and the (2) above-mentioned (1) process in which resemble the surface and a manganic 
acid ghost layer is made to form being immersed in an acidic solution of an organic monomer which can form a 
conductive polymer by oxidative polymerization, and, A process which makes a conductive polymer tunic form in 
the surface of non-conducting material by oxidation of a manganic acid ghost layer, a process which makes an 
electrolytic copper metal skin form in material from the (3) above-mentioned (2) process directly. 
[Claim 2]ln the plating method according to claim 1 , an acidic solution of an organic monomer in (2) processes, A 
plating method which is pH four or less acidic solution which contains at least one sort of aniline, pyrrole, a 
thiophene, a franc, and its derivative in 1-9 g/l, and contains at least one sort of Howe fluoric acid, perchloric 
acid, sulfuric acid, and aromatic sulfonic acid. 

[Claim 3]A plating method with which an acidic solution of an organic monomer in (2) processes contains at least 
one sort of impalpable powder of a conductive substance further chosen from carbon, palladium tin colloid, 
copper sulfide, a nickel sulfide, and 1TO in the plating method according to claim 2. 

[Claim 4] A printed wired board which carried out through hole plating method:(1) perforation of processing a 
double-sided printed wiring board or a multilayer printed wiring board at the following process of a printed wired 
board by which it is characterized, and was washed is processed with an alkaline permanganate solution, A 
printed wired board from a process and the (2) above-mentioned (1) process which makes a manganic acid ghost 
layer form in a non-conducting portion of a through hole wall is immersed in an acidic solution of an organic 
monomer which can form a conductive polymer by oxidative polymerization, A process which makes a 
conductive polymer tunic form in a non-conducting bilhof^materials side of a through hole wall by oxidation of a 
manganic acid ghost layer, a process which makes an electrolytic copper metal skin form in a non-conducting 
bill-of-materials side of a through hole wall of a printed wired board from the (3) above-mentioned (2) process 
directly. 

[Claim 5]In the plating method according to claim 4, an acidic solution of an organic monomer in (2) processes, A 
plating method which is pH four or less acidic solution which contains at least one sort of aniline, pyrrole, a 
thiophene, a franc, and its derivative in 1-9 g/l, and contains at least one sort of Howe fluoric acid, perchloric 
acid, sulfuric acid, and aromatic sulfonic acid. 

[Claim 6]A plating method with which an acidic solution of an organic monomer in (2) processes contains at least 
one sort of impalpable powder of a conductive substance further chosen from carbon, palladium tin colloid, 
copper sulfide, a nickel sulfide, and ITO in the plating method according to claim 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the method of making an electrolytic copper metal skin forming in 
the through hole of a printed wired board directly in more detail, about the method of making an electrolytic 
copper metal skin forming in a non-conducting material-list side directly. 
[0002]That as used herein it is with "%" shall mean "weight %." 
[0003] 

[Description of the Prior Art]As a method of performing through hole plating to a printed wired board, the 
subtractive process is mainly adopted. In this method, after flow-izing an insulating part by the substrate which 
pasted up copper foil on the facing and the inner surface which consist of insulation bases depositing thin non- 
electrolytic copper plating in the insulating part inside a drilling opium poppy and a hole, a thick copper film is 
formed by electrolytic copper plating, the flow between copper foil is secured, and an electric circuit is created. 
[0004]This method is a method that the reliability already established technically is high. 
It has a track record which has continued being used for about 20 years. 

However, this method makes indispensable the electroless deposition process of needing a complicated head 
end process, in order to attain flow-ization of an insulating part, it is necessary to use toxic high formalin as a 
reducing agent which the plating solution used at this electroless deposition process is [ reducing agent ] that in 
which autolysis nature is strongly, and needs [ reducing agent ] strict control of bath, and deposits copper 
further — **** — it has various faults, such as requiring a long time also for obtaining a thin copper film. 
[0005] 

[Problem(s) to be Solved by the Invention]Therefore, this invention, without needing the non-electrolytic copper 
plating process used as the big skill constraint in a conventional method, Flow-ization of an insulating part is 
enabled only according to an electrolytic copper plating process, and improvement in productivity is primarily 
aimed at by simplification of down stream processing, shortening of processing time, improvement of work 
environment, etc. 
[0006] 

[Means for Solving the Problem]this invention person found out that the above-mentioned purpose could be 
attained, when adopting combining a specific process, as a result of repeating research wholeheartedly in view of 
the actual condition of the above art. Combination of this specific process found out a useful thing, also when 
making an electrolytic copper metal skin form in a common non-conducting material directly. 
[0007]That is, this invention provides a following method.; 

A plating method of non-conducting material processing non-conducting material at the following process : 1 
(One) non-conducting material is processed with an alkaline permanganate solution, non-conducting material 
from a process and the (2) above-mentioned (1) process in which resemble the surface and a manganic acid 
ghost layer is made to form being immersed in an acidic solution of an organic monomer which can form a 
conductive polymer by oxidative polymerization, and, A process which makes a conductive polymer tunic form in 
the surface of non-conducting material by oxidation of a manganic acid ghost layer, a process which makes an 
electrolytic copper metal skin form in material from the (3) above-mentioned (2) process directly. 
[0008]2 In a plating method given in the above-mentioned paragraph 1, an acidic solution of an organic monomer 
in (2) processes, A plating method which is pH four or less acidic solution which contains at least one sort of 
aniline, pyrrole, a thiophene, a franc, and its derivative in 1-9 g/l, and contains at least one sort of Howe fluoric 
acid, perchloric acid, sulfuric acid, and aromatic sulfonic acid. 

[0009]3 A plating method with which an acidic solution of an organic monomer in (2) processes contains at least 
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one sort of impalpable powder of a conductive substance further chosen from carbon, palladium tin colloid, 
copper sulfide, a nickel sulfide, and ITO in a plating method given in the above-mentioned paragraph 2. 
[0010]4 A printed wired board which carried out through hole plating method:(1) perforation of processing a 
double-sided printed wiring board or a multilayer printed wiring board at the following process of a printed wired 
board by which it is characterized, and was washed is processed with an alkaline permanganate solution, A 
printed wired board from a process and the (2) above-mentioned (1) process which makes a manganic acid ghost 
layer form in a non-conducting portion of a through hole wall is immersed in an acidic solution of an organic 
monomer which can form a conductive polymer by oxidative polymerization, A process which makes a 
conductive polymer tunic form in a non-conducting bill-ofHnaterials side of a through hole wall by oxidation of a 
manganic acid ghost layer, a process which makes an electrolytic copper metal skin form in a non-conducting 
bill-o-Hnaterials side of a through hole wall of a printed wired board from the (3) above-mentioned (2) process 
directly. 

[001 1]5 In a plating method given in the above-mentioned paragraph 4, an acidic solution of an organic monomer 
in (2) processes, A plating method which is pH four or less acidic solution which contains at least one sort of 
aniline, pyrrole, a thiophene, a franc, and its derivative in 1-9 g/l, and contains at least one sort of Howe fluoric 
acid, perchloric acid, sulfuric acid, and aromatic sulfonic acid. 

[001 2]6 A plating method with which an acidic solution of an organic monomer in (2) processes contains at least 
one sort of impalpable powder of a conductive substance further chosen from carbon, palladium tin colloid, 
copper sulfide, a nickel sulfide, and ITO in a plating method given in the above-mentioned paragraph 5. 
[0013]this invention method can make an electrolytic copper metal skin form in an insulating part of a through 
hole of a general non-conducting material-list side, a double-sided printed-circuit board, and a multilayer printed 
circuit board, etc. directly. However, below, it explains one by one for every process by making formation of a 
direct electrolytic copper metal skin to a through hole insulating part of a double-sided printed-circuit board or a 
multilayer printed circuit board into an example. 

[0014]In a swelling t his invention method, swelling processing of the printed-circuit board (henceforth a test 
specimen) perforated and washed is first carried out in accordance with a conventional method. Although not 
limited, especially the swelling processing conditions will be as follows if the example is given. 
[0015] 

glycol ether system solvent 50 - 900 ml/l — more — desirable — 100 - 300 ml/l sodium hydroxide 1-50 g/l, 
more — desirable — 5-30-g/l surface-active agent Optimum dose treatment temperature 20-80 ** — more — 
desirable — 40-70 ** processing time 1-10 minutes — more — desirable — a part for 2 - 7 — permanganate 
solution **** — subsequently in accordance with a conventional method, an etching process by a permanganate 
solution is presented with a test specimen. Although etching process conditions are not limited in particular, 
either, it will be as follows if the example is given. 
[0016] 

KMn0 4 or 20-100 g/l of NaMn0 4 , 40-60 g/l more preferably KOH or 5-50 g/l of NaOH(s), more — desirable — 

30-40-g/l surface-active agent Optimum dose treatment temperature 50-95 ** — more — desirable — 70-90 
** processing time 1 - by 2 - an 8-minute conventional method more preferably for 15 minutes. Although 
neutralization processing of the test specimen which swelling processing was carried out and received an 
etching process by a permanganate solution is carried out succeedingly and a formed manganic acid ghost layer 
is removed, Since oxidative polymerization of an organic monomer is promoted after continuing organic monomer 
solution immersion using an operation as an oxidizer of a manganic acid ghost layer, it is made to remain as it is 
in this invention. 

[0017]By the org anic monomer solution immersion f ollowing **, a test specimen is immersed in an acidic solution 
of an organic monomer, as an organic monomer — aniline, pyrrole, a thiophene, francs, and these derivatives 
(aniline sulfate.) o-aniline sulfonic acid, m-aminophenol, m-aminobenzoic acid, N-methylpyrrole, 3- 
methylthiophene, etc. — etc. — it is illustrated and these one sort or two sorts or more are used. As a solvent 
of a solution, alcohols, such as water, methanol, ethanol, n-propanol, and isopropanol, are mentioned, and these 
one sort or two sorts or more are used. Concentration of an organic monomer in this acidic solution shall be 
about 1-9 g/l. When monomer concentration is too high, a loss by decomposition of a monomer not only 
increases, but hydrolysis of a monomer is promoted and a life of liquid becomes short by accumulation of 
hydrolyzate generated so much. On the other hand, when monomer concentration is too low, generating of a 
conductive polymer becomes insufficient and the deposit nature of electrolytic copper plating falls. This acidic 
solution makes **** indispensable or less by pH four, including at least one sort of Howe fluoric acid, perchloric 
acid, sulfuric acid, and aromatic sulfonic acid. In such an acidic solution, since dissolution removal of the 
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manganic acid ghost layer slightly formed in a copper foil portion of a through hole of a test specimen in a 
previous process is carried out into a short time, a polymer layer is selectively formed only in a non-conducting 
portion in a through hole of a test specimen. Although thickness in particular of a polymer layer is not limited, it 
is preferred to be referred to as about 0.5-2 micrometers. Adjustment of thickness of a polymer layer can be 
performed by adjusting manganic acid ghost layer thickness and monomer concentration. Thus, since a formed 
polymer layer has advanced conductivity and moderate surface roughness, formation of an electrolytic copper 
plating layer excellent in adhesion of it is attained. 

[0018]In order to improve the conductivity of a polymer layer, an acidic solution of an organic monomer can be 
made to contain at least one sort of impalpable powder of a conductive substance chosen from carbon, 
palladium tin colloid, copper sulfide, a nickel sulfide, and ITO in this invention. As for these conductive 
substances, in order to acquire good dispersibility, it is preferred to consider it as a particle size of about 0.1-1 
micrometer, and to consider it as concentration of about 1-10 g/l. When using these conductive substances 
together, one sort of composite polymer layers which distributed a conductive substance are formed. Although 
conductivity falls and electrolytic copper plating may be unable to perform easily a polymer layer formed of 
oxidative polymerization good due to reduction at the time of electroplating, when it is a composite polymer 
layer, a conductive fall is controlled and more reliable through-hole plating is obtained. 
[0019] activation **** — subsequently, if necessary, activation will be presented with a test specimen in 
accordance with a conventional method. Although not limited, activation liquid and especially its condition will be 
as follows if the example is given. 

sulfuric acid (98%) 10-150 ml/I — more — desirable — 50 - 100 ml/l treatment temperature 10-30 **, more - 
- desirable — 15-25 ** processing time 0.1 - 3 minutes — more — desirable — 0.5 - when performing this 
activation for 1 minute, a copper foil portion of a through hole of a test specimen is activated more by fitness, 
and adhesion with an electroplating layer formed at a process of continuing is improved more. 
[0020] electroplating *** * — subsequently in accordance with a conventional method, electrolytic copper plating 
treatment is presented with a test specimen. Although not limited, an electrolytic copper plating treatment bath 
and especially the processing condition will be as follows if the example is given. 
[0021] 

Copper sulfate plating bath Copper sulfate It is 60-80-g/l sulfuric acid more preferably 40-100 g/l. 100-300 g/l, 
It is a 150-250-g/l chloride ion more preferably. 30 - 100 mg/l, It is a 40-80mg [/I. ] brightening agent more 
preferably. Optimum dose Treatment temperature 10-40 **, It is 15-30 ** more preferably. Cathode current 
density 0.5-10 A/dm 2 , It is a 1 - 5 A/dm 2 pyrophoric acid plating bath more preferably. Copper pyrophosphate 
50-100 g/l, It is 60-80-g/l potassium pyrophosphate more preferably. 200-500 g/l, It is a 250-400-g/l ammonia 
solution (28%) more preferably. 1 - 7 ml/i, It is a 2-4ml [/I. ] brightening agent more preferably. Optimum dose 
Treatment temperature 40-70 **, It is 50-60 ** more preferably. Cathode current density It is applicable also to 
formation of a direct electrolytic copper metal skin to a general 0.5 - 8 A/dm 2 and non-conducting material in 
which a 1 - 5 A/dm 2 this invention method does not have a copper foil coat more preferably. 
[0022] 

[Effect of the Invention]According to this invention, an electrolytic copper metal skin can be directly formed in a 
non-conducting material-list side, without passing through a non-electrolytic copper plating process. Therefore, 
since time until it results in formation of an electrolytic copper metal skin is shortened by about about 1 / 3 as 
compared with the conventional method which makes a non-electrolytic copper plating process indispensable, 
industrial profits are very large. 
[0023] 

[Example]An example is shown below and the place by which it is characterized [ of this invention ] is clarified 
further. 

[0024]After processing FR-4 substrate which carried out example 1 hole dawn for 5 minutes at 60 ** among the 
alkaline solution (swelling liquid) containing a water soluble solvent and a surface-active agent, Etching washing 
of the copper foil portion is carried out for 1 minute at 25 ** among the solution (soft etching liquid) containing 
200 g/l of sodium persulfate, and sulfuric acid 10 ml/l, It rinsed and processed for 8 minutes at 80 ** among the 
solution (permanganic acid etching reagent) which contains 50 g/l of potassium permanganate, and 20 g/l of 
sodium hydroxide further. 

[0025]After fully rinsing the substrate processed as mentioned above, it was immersed in the solution containing 
3 g/l of pyrrole, and perchloric acid 25 ml/l for 3 minutes at 20 **. Subsequently, the substrate was rinsed, after 
being activated for about 30 seconds with the activity liquid containing 50ml/l. of sulfuric acid, the following 
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copper sulfate plating bath was used and electroplating was performed for 5 minutes under the condition of the 

temperature of 25 **, and cathode-current-density 2.5 A/dm 2 . 
[0026] 

Copper sulfate 80-g/l sulfuric acid 180-g/l chloride ion Copper sulfate brightening agent for 50 mg/l printed 
wired boards 2.5 ml/l (a trademark "top RUCHINA 81 -HL" and made in Okuno Pharmaceutical industry) 
After the completion of plating, the through hole wall of the substrate was thoroughly covered with the copper 
plating film. 

[0027]After having carried out swelling processing of the FR-4 substrate which carried out example 2 hole dawn 
like Example 1, carrying out permanganic acid etching and fully rinsing, it was immersed for 3 minutes at 20 ** 
into the liquid containing 3 g/l of pyrrole, perchloric acid 25 ml/l, and 10 g/l of particle carbon (about 0.2 
micrometer). Subsequently, the substrate was rinsed, after being activated for about 30 seconds with the 
activity liquid containing sulfuric acid 50 ml/l, the same copper sulfate plating bath as Example 1 was used, and 
electroplating was performed for 1 minute under the condition of the temperature of 25 **, and cathode- 
current-density 2.5 A/dm 2 . 

[0028]After the completion of plating, the through hole wall of the substrate was thoroughly covered with the 
copper plating film. 

[0029]After having carried out swelling processing of the FR-4 substrate which carried out example 3 hole dawn 
like Example 1, carrying out permanganic acid etching and fully rinsing, it was immersed for 3 minutes at 20 ** 
into the liquid containing 5 g/l of pyrrole, Howe fluoric acid 5 ml/l, and 10 g/l of particle carbon (about 0.2 
micrometer). Subsequently, the substrate was rinsed, after being activated for about 30 seconds with the 
activity liquid containing sulfuric acid 50 ml/l, the same copper sulfate plating bath as Example 1 was used, and 
electroplating was performed for 3 minutes under the condition of the temperature of 25 **, and cathode- 
current-density 2.5 A/dm 2 . 

[0030]After the completion of plating, the through hole wall of the substrate was thoroughly covered with the 
copper plating film. 

[0031]After having carried out swelling processing of the six-layer multilayer substrate which perforated example 
4 like Example 1, carrying out permanganic acid etching and fully rinsing, it was immersed for 5 minutes at 10 ** 
into the liquid containing 5 g/l of pyrrole, Para toluenesulfonic acid 25 ml/l, and 5 g/l of copper sulfide (about 1 
micrometer). Subsequently, the substrate was rinsed, after being activated for about 30 seconds with the 
activity liquid containing sulfuric acid 50 ml/l f the same copper sulfate plating bath as Example 1 was used, and 
electroplating was performed for 1 minute under the condition of the temperature of 25 **, and cathode- 
current-density 2.5 A/dm 2 . 

[0032]After the completion of plating, the through hole wall of the substrate was thoroughly covered with the 
copper plating film. 

[0033]Swelling processing of the FR-4 substrate which carried out example 5 hole dawn is carried out like 
Example 1, After carrying out permanganic acid etching and fully rinsing, it was immersed for 2 minutes at 20 ** 
into the liquid containing 8 g/l of pyrrole, 30 g/l of ethylene glycol, 50 g/l of sulfosalicylic acid, and 5 g/l of 
palladium tin colloid. Subsequently, the substrate was rinsed, after being activated for about 30 seconds with the 
activity liquid containing sulfuric acid 50 ml/l, the same copper sulfate plating bath as Example 1 was used, and 
electroplating was performed for 2 minutes under the condition of the temperature of 25 **, and cathode- 

current-density 2.5 A/dm . 

[0034]After the completion of plating, the through hole wall of the substrate was thoroughly covered with the 
copper plating film. 

[0035]After having carried out swelling processing of the FR-4 substrate which carried out example 6 hole dawn 
like Example 1, carrying out permanganic acid etching and fully rinsing, it was immersed for 3 minutes at 5 ** 
into the liquid containing 8 g/l of aniline sulfate, sulfuric acid 100 ml/l, and 10 g/l of carbon impalpable powder. 
Subsequently, after rinsing a substrate, the same copper sulfate plating bath as Example 1 was used, and 
electroplating was performed for 2 minutes under the condition of the temperature of 25 **, and cathode- 
current-density 2.5 A/dm 2 . 

[0036]After the completion of plating, the through hole wall of the substrate was thoroughly covered with the 
copper plating film. 

[0037]After having carried out swelling processing of the FR-4 substrate which carried out example 7 hole dawn 
like Example 1, carrying out permanganic acid etching and fully rinsing, it was immersed for 3 minutes at 5 ** 
into the liquid containing 8 g/l of m-aminophenols, sulfuric acid 50 ml/l, and 3 g/l of ITO impalpable powder. 
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Subsequently, after rinsing a substrate, the same copper sulfate plating bath as Example 1 was used, and 
electroplating was performed for 2 minutes under the condition of the temperature of 25 **, and cathode- 
current-density 2.5 A/dm 2 . 

[0038]After the completion of plating, the through hole wall of the substrate was thoroughly covered with the 
copper plating film. 

[Translation done.] 
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(1) Tmwhxffifristc'fvy bEtHSMcTJi/aytt 

(2 ) _bia ( i ) xa*6<z>^y > MB»«*»{fc*^ 

K J: 0 ^mtt^ v - L ft S WIS* ^ ^ - £>® tt 

■*»«es*sx«, (3) _bia (2) xa*»6©^y 
ssm » +»*ii:»^$iisxe. 



* [ 0 0 1 1 ] 5 ±«EE4 CCfBigCD^ 9 +#£0C*jC> 

x s (2) xsicfcwswa^^^-oilttJBW^ r 

tt©4>fc< th li^l-9g/l©»lt^ fio 

4>fc < i 4> 1 «*«f P H 4OT©»Mtfe?,^ v 

[0012] 6 ±B315 KfEiSCW ? *^ffiCC*5C^ 
T v (2) XSKtott^WflKr^^-oBlttaMK^ S 

{b^ ?<Sr;t/*jJ:tf I T0^6a«nfc3f«tt«K©^>^ 
[0013] *#WI#ffitt, — ««*W«f***»*W, 

20 [0014] W 



, <£0#f£L<< 5*100 -300ml/l 
J;*)#*L<»5 -30q/l 



[0015] 

50— 900ml /l 
1 — 50q/l , 

20-80U J;^$?£0< B4O-70 e C 

l -103\ J:D»*b<B2 -7# 
Si^^>y«tfflCc«T4. x^V^j&S&ttfc, [0 0 16] 



KMnO« SfcttNaMnO, 
KOH$/cttNaOH 



«fcQ#SU<«4<r-60q/l 



mmum. 



20— 100q/l 
5 — 50q/l 

mm 

50-95°C, <fc9#*t/<«70^90'C 
1~15», ^ U < 5^2 -8 » 



[0017] ga±Z^rMMj§a 

iLrt*. t~V>s fn-;K 



50 



SB, l-9g/lgSi«. 



(4) 



^¥5-2 8 7 5 8 2 



z> 0 sect. comnmiLu, t^y ftURK, 
[0018] *aw«:*«,>r«, »if;7-i©i«ttt 



[0019] aa^a 



(98%) 10-150ml/l . J:0#*b<tt50^100ml/1 

MfflB#r^ 0.1 -3 £\ Jc0S?$L<*i0.5 — ljj 



[0 0 2 0 ] HIM y ^flffl 



[0 0 2 1] 



tray >BM 
b'p y >®#y >)a 

T>^-T7K (2850 



[0 0 2 2 ] 
[0 02 3] 



40^-1000/1, <fc D»£ L < &260-80g/l 
100— 300g/l v £W&L><te:i50 — 250q/l 
30— 100mq/l , b< te40~80mq/l 

BS 

10-40°a J;«5#Sb< t*15-30'C 
O.S-iaydm' v £9^£U< ttl -5 A/dm 2 

50-lOOq/l. J:0»*L/<«6O^80g/l 
200 — 500q/"K <£9£?$ U< 1*250 — 400q/l 
l-7ml/1 > J:0JT*L/<«2 -4ml/l 
SJI 

40-70'a <fc0»*L<«50^60XI 

0.5 -8A/dm 2 . £ t) £?* L < Bl -5 A/dm z 

[0 024] 1 

*mh w u tc f r - 4 mm&m&mi t nwimmz s 

tfTWJimm (Jftffift) *6 0*CC5»Pfl»ffiO/c 
jttBlM^h »;^A200g/l i«il 0ml/l 
£*£tf*jg« (V7 hx^>») tp2 5 B Cri# 

#>M#y »5A5 0 g/1 h y 0 g/ 

so i tz^wmm (av>*>»x?f>y»[) cp8 o 



(5) 



Vtc&. Vu-)VZs/\ £ilt£?f^2 5m 1/1 <b£ 
7fciftU 5 0 m 1 / 1 ^t^M^ J: ^ 3 0 # 
K2 5 e C, &ffiWfef&ffi2. 5A/dm l O^frTCC 5 
[0 0 2 6 ] 

80g/l 10 
180g/l 
**4tf> 50mg/I 

mmm^tnm 2. 5 m 1/1 

w 

[0027] mmm2 

fP^3g/K »J6mi82 5ml/l*5j:^«it^ 
(JKjO. 2 Mm) 1 0 sr/1 *fttf}R*tC2 0 
TTCSflWiMLfc. 30,^, 3S«**ifeU KK5 0 
m 1 / 1 t*tofiStt»5cJ: D#J3 OfWHSttftb fc«, 
HtfeMl <bRI«©«6B!»y **jfifc«BbT, ^S2 5 
"C. Rtti*»ftl£2. 5 A/dm 2 ©*frTCC 1 »|H« 

[002 8] ^ 9*3STBMc* S«©*;i/-*-;i/rtii 
tt, SB^Km* v+BUfccafctiT^fc. 30 

[002 9] H««3 

trn-;U5 ff /K ^^7^i5mi/i^» 
G»0. 2 Mm) 1 0 g/1 **tf«*tC2 0 

m 1 /l frdtrtSffiR(cJ:0«l3 08fl«8tWI:Ufc«. 
IUfe#U ^iS^HL/t, SJg2 5 

U ttffi*S6*a2. 5 A/dm 2 <D*ftTlc 3 #IH* 
£M ?*4fr&-3fc. 40 
[0 0 3 0 ] y y+STftK, SSoOX^-^-^rtS 

[0 0 3 1 ] 3SKH4 



*JBW5-2 8 7 58 2 

8 

b*P^5g/K A*7h;Vx>x;^>i2 5ml/ 
lfecfcCfflWtJH («Um) 5ff/l*ftto«*tol0 
■c^5»ra»»L/Co ^X\ £«*#8fcU K$5 0 
m 1 / 1 4*tfiSttiRfcJ: 0fa3 0#Mffitt{bbfcf*, 
3©SWJi <b^<Dfatfr>t y*»*«»or. MS 2 5 

•C, 2. 5 A/dm 2 (D^ffTK 1 »H« 

[0033] mmms 

Mb, l7>^>ii-^>^L, +5KC7k&L/cf&, 
fc'n~JU8g/l, x^U>^»J n-;l<3 0 g/ u * 
*;i«5 Og/l fcJ;^^A-^X3p 
^F5ff/l**O«*«c:2 0'C-C2»lffl«»LA:. #C 
S«**ijfcU »5 0ml/l*^«ijSiaBc 

-rf l/t, ^S2 5°C, 2. 5 

A/dm 2 <D*fi=TCC2»IH*a^y**?ftt-?yt. 
[0 0 3 4] ^ ?*S7««:, Kffi<D*Jl/-*-Jl/rtS 

[0035] mnme 

Mb, l7>^IX^>yi, +#CC7WjfcUfc», 

lKlr^'J>8g/K KEKi 0 0ml/I*j«tra- 
l o g/i *d«p«*K5XW3»iBiBm/ 

/Co mm&mbtc^ mmmi tmm<mm 
a^:?*}s**fflir, sft2 5'a 2. 

5A/dm 2 (D^ftT«:2»IH«a^^**tf&-3/t. 
[0 0 3 6] y 9*SET«k:> IS©^;^^-«1 

[0 0 3 7 ] H»pJ7 

L/c F R - 4 ££&%ttfflll i bX ffifflm 

m-r^7x7^8g/l, «5&50ml/lfeJ: 
I TO«[^3 g/ 1 5 ■C'C3»IH«» 

wimjv*rmmbx, sg2 5u muimmx 

2. 5A/dm 2 <2^frRC2#ramiM »+*f¥ft-a 

/Co 

[0 0 3 8] y ?*S5TSMc, 



